Colorectal cancer survivorship begins at diagnosis and continues throughout life. After diagnosis, survivors face the possibility of second cancers, long-term effects of cancer treatment, and comorbid conditions. Interventions that can provide primary, secondary, and tertiary prevention in this population are important. Physical activity has been shown to decrease colon cancer incidence and recurrence risk as well as improve quality of life and noncancer health outcomes including cardiovascular fitness in colon cancer survivors. The data are less robust for rectal cancer incidence and recurrence, although improvements in quality of life and health outcomes in rectal cancer survivors are also seen. Potential mechanisms for this benefit may occur through inflammatory or insulin-like growth factor pathways. The issues of colorectal cancer survivorship and the impact of physical activity on these issues are reviewed, with discussion of possible biologic mechanisms, barriers to physical activity intervention studies, and future research directions for physical activity in this burgeoning survivor population.
Introduction
Cancer survivorship begins at diagnosis and continues throughout life. Essential care includes prevention of recurrent and new cancers, surveillance for recurrence and medical or psychological effects of cancer, intervention for consequences of cancer and treatment, and health promotion (1) . Research in this burgeoning population has primarily focused on early survivorship and quality of life rather than long-term health outcomes and disease prevention. Therefore, evaluation of interventions targeting long-term effects of cancer and preventive care are warranted. Physical activity interventions may provide primary (protect against development of new disease), secondary (detect disease at earliest stages), and tertiary (limit complications or progression of disease while restoring function) preventive benefits to cancer survivors with regard to the cancer itself and/or comorbid conditions. In this article, we review the disease-specific benefits and possible preventive mechanisms of physical activity as it relates to the population of colon and rectal cancer survivors.
Issues of Colorectal Cancer Survivorship
Colon and rectal cancers combined are the fourth most common major cancers in the United States, accounting for 10% of the cancer survivor population (2, 3) . Improvements in screening and systemic therapy have increased the overall 5-year survival rate for colorectal cancer from 51% in 1975 to 66% in 2006, which increases to 90.4% for localized disease and 69.5% for regional disease (4) . A significant proportion of patients will go on to become long-term survivors with the potential to develop second colorectal and noncolorectal cancers, comorbid conditions, and longterm effects of treatment. Survivors are at risk for second primary colorectal cancers, 43% of which occur more than 2 years from diagnosis (5) . Noncolorectal second primary cancers may also occur, most commonly in the breast, prostate, genitourinary tract, skin, and lung (6, 7) . Last, the burden of comorbidity is high, with up to 80% of colorectal cancer survivors reporting at least one comorbidity (8, 9) . The most common comorbidities include cardiovascular disease, musculoskeletal problems, lung or breathing problems, and depression (10) (11) (12) . The combination of a cancer diagnosis and comorbidity can result in lower health-related quality of life, lower productivity, and more health and functional limitations, even in long-term (more than 5 years from diagnosis) survivors (10) .
Although colorectal cancer survivors generally report an excellent quality of life, a cancer diagnosis can negatively affect functional and social well-being (8, 13, 14) . Sequelae of the cancer and treatment, such as fatigue, physical discomfort, negative body image, depression, and physical limitations, may persist for years after diagnosis. These issues may be more prevalent with radiation therapy, with surgery involving a stoma, in elderly or female survivors, or in overweight, obese, or low-income survivors (9, 15, 16) . Permanent sensory neuropathy associated with oxaliplatinbased adjuvant therapy has been reported in up to 15% of survivors 4 years after completion of this treatment (17) .
Age, body weight, and comorbidities may affect long-term physical health and quality of life more than the cancer diagnosis itself, with 32% of long-term survivors reporting limitations in usual activities due to comorbid conditions (11, 18) . Therefore, although overall quality of life is high in this survivor population, physical quality of life may be low because of cancer-and comorbidity-related issues (8, 11) . Interventions that mitigate the impact of a colon or rectal cancer diagnosis on quality of life and survival outcomes, prevent the development of second colorectal and noncolorectal cancers, and modify or ameliorate the development of comorbidities warrant investigation to further improve the survivorship phase of the colorectal cancer continuum.
Physical Activity: Current Recommendations
Physical activity has been proposed as a nonpharmacologic means to improve quality of life and health-related outcomes (disease-specific and general), and has been endorsed as an important part of cancer therapy. The National Comprehensive Cancer Network recommends activity enhancement, including initiating a program encompassing endurance and resistance exercise during active treatment and posttreatment, to combat cancerrelated fatigue (19) . The American Cancer Society encourages physical activity, citing feasibility, safety, enhancement of quality of life and physical or functional well-being, and primary prevention for comorbid conditions (20) . Most recently, the American College of Sport Medicine published a consensus statement and recommendations for cancer survivors endorsing the U.S. Department of Health and Human Services general population recommendations for a minimum of 150 minutes of moderate or 75 minutes of vigorous exercise per week, stretching, and 2 or 3 weekly strength training sessions for major muscle groups. Development of a physical activity program must consider prediagnosis fitness level and activities, requires an understanding of the cancer diagnosis and sequelae of treatment, and must incorporate an evaluation of comorbid conditions (21, 22) . Recommendations should be tailored to an individual survivor's needs, abilities, and medical condition (21) .
The Benefits of Moving: Physical Activity in General and Cancer Populations
In general, physical activity decreases the risk of premature death, cardiovascular disease, diabetes, falls, and metabolic syndrome; improves cardiopulmonary fitness, cognitive function in older adults, sleep quality, and bone density; and contributes to weight loss and weight maintenance when combined with calorie restriction (22) . A meta-analysis of physical activity intervention trials in various cancer survivor populations concluded that physical activity was safe during and after cancer treatment. Physical activity improved aerobic fitness, upper and lower body strength, functional quality of life, mood, anxiety, self-esteem, body image, and fatigue in both the on-treatment and posttreatment phases (23) . In postmenopausal breast cancer survivors enrolled in the Women's Health Initiative, participation in moderate-to vigorous-intensity recreational physical activity (i.e., brisk walking, bicycling, or swimming) approximately 3 hours per week before or after a breast cancer diagnosis decreased the risk of all-cause and breast cancer-specific mortality (24) . The benefit of physical activity after diagnosis was independent of stage of disease at diagnosis. Furthermore, the risk of all-cause mortality declined by 33% in women who increased their physical activity level to, or maintained their level at, 3 hours or more per week (including women who had been inactive at baseline), compared with inactive women (24) . These findings suggest that adopting an active lifestyle can improve quality of life, physical function, overall longevity, and prognosis after a cancer diagnosis.
Supervised and home-based exercise interventions, as well as strength training, seem to be beneficial. The RENEW (Reach out to Enhance Wellness) study evaluated a telephone-counseling and print-material diet and exercise intervention (versus usual activity) in survivors of breast, colorectal, and prostate cancers who were overweight and ages 65 to 91 years. Physical function and quality of life declined less and strength training and exercise endurance improved with the exercise intervention (25) . Another study found improvements in cardiopulmonary function, muscular strength, physical functioning, fatigue, and health-related quality of life in survivors of various cancers enrolled in an 18-week strength training program initiated within 6 weeks of completing chemotherapy; these effects persisted after 1 year of follow-up (26, 27) . Additional studies of physical activity in colorectal cancer survivors have shown higher overall quality of life and physical functioning and less fatigue among physically more active survivors (28) (29) (30) . These modest lifestyle changes result in clinically meaningful improvements that can combat physical, functional, and psychological decline in colorectal cancer survivors, including those at high risk such as older or overweight survivors.
Physical Activity and Colorectal Cancer: Preventive across the Disease Spectrum
Epidemiologic evidence supports the role of physical activity in cancer prevention (31) (32) (33) . An NIH-AARP study found an 18% reduction in colon cancer risk (relative risk ¼ 0.82; 95% CI, 0.73-0.82) among people ages 50 to 71 years who exercised at least 5 times per week compared with like-aged people who never or rarely exercised (34) . Other studies found similar associations in European and Asian populations (35) (36) (37) (38) (39) . Convincing evidence of a preventive effect exists for colon cancer, where meta-analyses of more than 60 studies suggest a reduction of 20% to 25% in colon cancer risk in people with the highest level compared with people with the lowest level of physical activity. The source of physical activity does not matter, as occupational and leisure-time activities confer similar reductions in risk, and a dose-response effect exists (31, 33) . Despite these convincing data, public awareness of the role of physical activity in the prevention of colon cancer is low (40) . Similar effects are not seen in the epidemiology of rectal cancer risk, in which physical activity does not seem to have a protective effect (41) .
Modeling the effect of physical activity suggests that population compliance with recommended levels of activity would reduce the population incidence of colon cancer by up to 21% (33, 42) . Associations between physical activity and risk of cancer are also probable for breast and endometrial cancer and possible for lung, ovarian, and prostate cancer. Between 9% and 19% of breast, lung, colon, endometrial, prostate, and ovarian cancers in Europe were estimated to have been preventable in 2008 if the population had maintained sufficient levels of activity. Sufficient levels in this analysis were defined as 30 minutes of moderate-intensity activity for 5 days or 20 minutes of vigorous-intensity activity for 3 days above a base level of 60 minutes of moderate-intensity activity every day. No association for rectal cancer or other cancer sites and physical activity definitively exist (33) . Therefore, one could speculate that physical activity may be a nonpharmacologic intervention not only to decrease the risk of an initial colon cancer, but perhaps also to decrease the risk of second colon and noncolorectal cancers by modifying underlying risk factors that predisposed a survivor to the initial colon cancer.
Physical activity also seems to affect disease outcome and recurrence after diagnosis. Epidemiologic evidence suggests that physical activity has the greatest effect on colon cancer incidence and also suggests (in cohort studies in both colon and rectal cancer survivors) that physical activity may affect outcomes after diagnosis and treatment as well, although the literature does not always distinguish between these 2 populations (Table 1 ). Haydon and colleagues evaluated general physical activity and walking in a cohort of 526 colon and rectal cancer survivors (all stages) prospectively enrolled in the Melbourne Collaborative Cohort Study (43) . In the overall study population, regular physical activity, even as little as once per week, was associated with an absolute improvement of 14% in overall survival and 12% in disease-specific survival at 5 years compared with no regular activity. This effect was greatest in survivors with right colon tumors and in survivors with stage II or III disease, who had a 39% reduction in all-cause mortality and 51% reduction in disease-specific mortality. No effect on survival was noted, however, in the subgroup with rectal cancer or when regular walking was evaluated alone, suggesting that this benefit may be confined to colon cancer and requires a physical activity routine that is more vigorous than walking alone (43) .
Meyerhardt and colleagues also examined the role of physical activity, as measured in metabolic equivalent task (MET)-hours per week (described in Table 2 ), after colon or rectal cancer diagnosis and treatment in 3 cohorts of patients (44) . Physical activity of at least 18 MET-hours per week was associated with a lower rate of colorectal cancer-specific death and overall mortality, compared with less than 18 MET-hours per week in 573 women diagnosed with stages I to III colon and rectal cancers enrolled on the Nurses Health Study. An increase in physical activity after diagnosis also improved disease-specific and overall survival in this population, regardless of prediagnosis activity level (44) . Similar findings were seen in 668 men with stages I to III colon and rectal cancers enrolled in the Health Professionals Follow-up Study. The amount of activity required to achieve survival benefits, however, was higher (44, 45) . In both studies, the benefit of physical activity remained after adjusting for stage, age, body mass index, year of diagnosis, tumor location including rectum, and exclusion of people who died within 2 years of questionnaire response. Prediagnosis physical activity levels, however, did not have an effect on postdiagnosis outcomes (44, 45) .
The benefit of physical activity may be independent of other treatment, as suggested in 832 patients with stage III colon cancer receiving fluoropyrimidine-based therapy as part of a randomized adjuvant therapy trial. Patients engaging in at least 18 MET-hours per week of activity enjoyed a statistically significant 47% improvement in disease-free survival compared with inactive patients. Relapse-free and overall survival were also improved with increased physical activity, even after adjusting for other predictors of survival or excluding patients who died within 6 months of assessment. This benefit was independent of sex, body mass index, age, number of positive nodes, performance status, or type of chemotherapy received (46) . The protective effect of physical activity can be seen with only 6 MET-hours per week, levels off above 30 MET-hours per week, and may differ based on gender (44) (45) (46) . Physical activity may therefore provide additional benefit in recurrence and survival outcomes above the benefit seen with adjuvant chemotherapy, although the exact amount and mode of activity needs further investigation.
The Biology behind Physical Activity: Possible Mechanisms of Action
The biologic mechanisms underlying the protective effects of physical activity in patients with colon or rectal cancer are still elusive ( Fig. 1; refs. 47-50) . Effects on immune function, oxidative damage, and the insulin axis have been proposed (49, (51) (52) (53) . Xenograft models of colon cancer and aerobic exercise such as swimming and treadmill running suggest that exercise training exerts antiinflammatory and antiproliferative effects on colonic mucosa by attenuating levels of key tumorigenic factors such as cyclooxygenase-2 (COX-2), inducible nitric oxide synthase, and TNF-a (49, 54, 55) . Rodent models of colon carcinogenesis have shown that physical activity with wheel and treadmill running inhibits colon tumor formation after exposure to carcinogenic agents and in xenograft models harboring the adenomatous polyposis coli (APC) gene mutation, decreases polyp formation (49) . Additional mechanisms may also be involved; that is, the aforementioned effects may only attenuate the development of precancerous aberrant crypt foci without affecting tumor development (54, 56) . Oxidative DNA damage and inflammatory cytokines may also be affected. Short-term moderate-intensity exercise is associated with lower levels of urinary markers of oxidative damage in colorectal cancer survivors after primary therapy. High-intensity exercise increased these markers, suggesting that oxidative damage can be influenced by physical activity and a threshold of intensity may exist between protective and damaging effects (52) . Postoperative moderate-intensity exercise may also augment immunity in colorectal cancer survivors, as shown by declines in interleukin-1 (IL-1) receptor antagonist levels after as few as 2 weeks of exercise (51) .
Alterations in the insulin axis may play a role in the effect of physical activity on the development and recurrence of colon or rectal cancer. Insulin-like growth factor-1 (IGF-1) is an important activator of the phosphoinositide 3-kinase (PI3K)/AKT pathway in multiple cancers and normally complexes with IGF binding protein-3 (IGFBP-3) in the circulation, limiting its bioavailability and tumorigenic potential (57) . Levels of IGF-1 are further altered by activation of AMP kinase signaling via inhibition of hepatic gluconeogenesis and IL-6 via alterations in IGFBP expression (47, 49) . High levels of prediagnosis IGF-1 have been associated with an increased incidence of colorectal cancer in both the Nurses Health Study and Physicians Health Study (58, 59 ). However, this association was not upheld in the European Prospective Investigation into Cancer and Nutrition (EPIC) study, a large cohort study evaluating relationships between cancer risk and various nutritional and metabolic risk factors. EPIC found no relationship between prediagnosis IGF-1 or IGFBP-3 and colorectal cancer risk in the overall population, although a suggestion of increased colon cancer risk was seen in patients ages less than 55 years with higher baseline IGF-1 levels (60). Metaanalyses also refute this overall association. A meta-analysis by Renehan and colleagues of 21 studies found no association between colon cancer risk and IGF-1, and Rinaldi and colleagues reported a relative risk of 1.07 (95% CI, 1.01-1.14) based on 10 prospective studies evaluating IGF-1 and colorectal cancer risk (60, 61) .
Alterations in IGF-1 and IGFBP-3 levels with physical activity have been shown in breast cancer survivors, Table 2 . MET-hours a per week equivalents in walking (46) MET-hour Activity level as measured in walking at an average pace 1 Sitting quietly for 1 hour <3 <1 hour of walking per week 3-8. 9 1 to <3 hours of walking per week 9-17. 9 3 to <6 hours of walking per week 18-26. 9 6 to <9 hours of walking per week 27 9 hours of walking per week a MET is defined as the ratio of the metabolic rate associated with a specific activity divided by the resting metabolic rate. MET-hours is defined by the MET score multiplied by the reported hours per week engaged in that activity.
although the results have been conflicting (62, 63) . These alterations have not been extensively evaluated in the colon or rectal cancer survivor population, raising the question of what influence physical activity exerts on this pathway after diagnosis. Haydon and colleagues reported that IGF-1 levels were not associated with outcome in colorectal cancer survivors in the Melbourne Collaborative Cohort Study (57) . However, physically active survivors with high baseline IGFBP-3 levels did have a reduction in the likelihood of mortality (HR ¼ 0.52; 95% CI, 0.33-0.83; P ¼ 0.0006) compared with physically active survivors with low levels of IGFBP-3, when adjusted for IGF-1 levels. For cancer-specific survival, the HR was 0.24 (95% CI, 0.08-0.73) for physically active survivors with the highest compared with the lowest IGFBP-3 levels. Exercisers were approximately half as likely to die of colorectal cancer as nonexercisers, and physical activity seemed to exert the greatest effect in survivors with high IGFBP-3 levels. IGF-1 and IGFBP-3 levels did not affect outcomes in physically inactive survivors (57) . These data suggest a link between circulating IGFBP-3 and cancer outcomes, and may define a subset of survivors with high IGFBP-3 levels who will derive the greatest benefit from physical activity interventions. Prediagnosis levels of C-peptide have also been correlated with mortality outcomes in colorectal cancer survivors, with higher levels of C-peptide associated with increased risk of mortality (64) . Further study is warranted in evaluating the insulin pathway, immune modulation, and oxidative stress as they relate to cancer-specific outcomes, second cancers, and other health outcomes in colon and rectal cancer survivors. Biomarkers within these pathways may define subpopulations of survivors who may benefit greatest from physical activity and subpopulations for whom additional activity will not modify cancer outcomes.
Barriers and Behaviors: Overcoming Inertia in the Survivor Population
Although colorectal cancer survivors express a high interest in exercise intervention studies (65, 66) , previous - Figure 1 . Hypothesized mechanisms of physical activity in colon cancer. Physical activity may block inflammatory pathways, resulting in the downregulation of NF-kB/AKT signaling, decreased development of oxidative species, and less DNA damage. Physical activity may also affect the IGF pathway and AMP kinase signaling, resulting in decreased cell proliferation and increased apoptosis. The effect of physical activity on COX-2 and prostaglandin E2 (PGE2) levels is unclear (47) (48) (49) (50) 54) . iNOS, inducible nitric oxide synthase.
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Cancer Prevention Researchsuch efforts have shown significant barriers to participation in physical activity interventions, further highlighting the complexity of modifying long-term health behaviors in this population. Cancer survivors report uncertainty about the type of activity they should be performing, do not routinely ask their health care providers for recommendations, and would prefer not to spend additional time at the hospital to participate in physical activity programs (67) . In colorectal cancer survivors, barriers to physical activity include the effects of cancer treatment (e.g., stoma, chronic diarrhea, neuropathy), difficulty with sleeping or fatigue, digestion issues, lack of time, work responsibilities, and the belief that they get enough activity on their own (65, 68) . Lower education level, lack of choices for activity participation, and increased number of patient-reported barriers also decrease the likelihood of physical activity engagement and adherence (28, 68, 69) . Adherence may also be affected by a colorectal cancer survivor's attitude toward adopting exercise as a lifestyle behavior, with those in a precontemplative state (not exercising nor thinking about starting in the near future) less likely than those in the action or maintenance state (exercising regularly within the previous 6 or more months) to engage in or adhere to physical activity interventions (68, 70) . Health care providers may also provide inadvertent barriers, as many cancer survivors report conflicting messages from their providers regarding their ability to exercise (65) . Colorectal cancer survivors may be especially vulnerable, as physicians are less likely to recommend exercise for these survivors (16% recommendation rate) than for adults without cancer (26.9%; P ¼ 0.003), regardless of weight, age, current physical activity level, provider contact, or current health behaviors (71) . Furthermore, many providers admit to a lack of knowledge of the benefits of physical activity, do not feel comfortable making physical activity recommendations, and are not convinced that cancer survivors are capable of exercising during treatment or would follow an exercise recommendation (65, 72) . Providers also report concern about a lack of time during the office visit to provide physical activity counseling (67) .
Colorectal cancer survivors tend to decrease their physical activity after participation in exercise intervention studies (65) ; given this tendency and the myriad of barriers to adopting a physically active life after colorectal cancer, long-term behavioral change strategies are needed in this population. Although a cancer diagnosis by itself is a strong motivator for change, the oncology provider plays an important role in providing recommendations during what may be an important teachable moment (72, 73) . On the basis of the Theory of Planned Behavior and Self-Determination Theory, survivors will engage in a behavior if they perceive that the benefit outweighs the risk or their lack of interest in performing the behavior, that authority figures value and encourage the behavior, and that the behavior is under their control (74, 75) . As authority figures, physicians can support these beliefs, as shown in a randomized study finding that 77% of breast cancer survivors receiving a physical activity recommendation from an oncologist recalled the recommendation. Furthermore, the oncologist's recommendation resulted in perceived approval and support, a belief that exercise is an important behavior, and greater motivation for exercise, although intention did not directly translate into behavior (74) . The oncologist's recurrent endorsement of existing health guidelines and encouragement of survivors to take an active role in health preventive strategies may be the greatest catalyst for change that results in longterm adoption of physical activity behaviors in this population (76) .
Learning from Experience: Intervention Strategies to Get Survivors Moving
Randomized controlled trials of exercise interventions have been designed to assess both quality of life and disease-specific outcomes in cancer survivors, with implications for future intervention study designs. Courneya and colleagues evaluated a home-based exercise intervention on quality of life in colorectal cancer survivors (77) . Although no difference was seen between the intervention and usual-care groups in the intent-to-treat analysis, an unplanned analysis suggested an improvement in quality of life in survivors whose fitness level improved with the intervention (77) . Further evaluation showed that contamination in the control group and adherence issues in the experimental group may have affected study results. Control group participants who were actively exercising continued their exercise pattern despite being assigned to the control arm, and participants in the experimental arm who had not actively thought about changing their exercise pattern were less likely to adhere to the intervention. The use of self-reported activity may also have biased results, as participants may have felt compelled to overor underreport their activity depending on their group assignment (70) . The LiveWell program, a 3-month personalized lifestyle intervention that includes an exercise component, has been shown to be feasible and of high interest to colorectal cancer survivors (65) . Interview data from LiveWell participants suggest that the provision of tailored advice responsive to individual circumstances, supportive delivery of the intervention, and the ability to address an individual's feedback on capabilities and lifestyle in one-to-one interactions enhanced the intervention experience. Participants further felt that starting a physical activity intervention between 3 and 5 months after the completion of treatment allowed time to recover from cancer therapy without losing motivation to make lifestyle changes (65) .
Results of physical activity interventions in various other cancer populations suggest a preference for home-based interventions with individualized programs and consultation with exercise specialists who can evaluate the proposed physical activity in the context of a survivor's cancer, medical, and previous fitness history (67) . The use of goal setting, print and/or mailed materials, and other behavioral change strategies such as telephone counseling are also preferred methods of physical activity interventions (76, 78) . Survivors and their health care providers desire adequate information on the risks and benefits of an intervention and guidance on what is appropriate for a given survivor (67) . The provision of choices of physical activities may also increase adherence and participation by responding to a survivor's level of fitness, comfort, and interest (69) . Last, survivors indicate that they desire lifestyle information early in the course of diagnosis and treatment, although chemotherapy, radiation, and surgical sequelae may hinder initial uptake of exercise behaviors and necessitate reiteration of the importance of physical activity throughout the cancer survivorship journey (68, 76) .
Ongoing studies may address some of these barriers and learned lessons while incorporating behavioral change techniques and biologic correlates. The randomized ImPACT (I'm Physically Active After Cancer Treatment) and CHALLENGE (Colon Health and Life-long Exercise Change) trials in colorectal and colon cancer survivors, respectively, will address the impact of structured physical activity interventions on outcomes including cardiopulmonary fitness, biomarkers, fatigue, quality of life, disease-specific outcomes, and cost-effectiveness (79, 80) . The CanChange study will evaluate the effect of a lifestyle intervention program on cost-effectiveness and healthy behaviors including physical activity in colorectal cancer survivors (81) . The results of these studies have the potential to help guide clinicians in their recommendations for posttreatment activity and provide a better understanding of the mechanisms behind the preventive effect.
Moving Toward Future Directions for Research
Despite clear recommendations regarding physical activity requirements, further research is needed to answer the multitude of questions surrounding the biology and logistics of physical activity in colorectal cancer survivors. To further elucidate some of the biological mechanisms of physical activity, colon and rectal cancer xenograft models engaged in various MET-hour equivalents of aerobic activities (walking, treadmill running, swimming, etc.) could be evaluated for changes in the insulin pathway, inflammatory pathways, and development or regression of metastatic disease after tumor implantation. In the clinic, colon and rectal cancer survivor populations need to be clearly defined and investigated separately to determine the true effects of physical activity in these potentially distinct populations. Randomized clinical trials of interventions in uniform populations defined by stage of exercise contemplation and baseline exercise behavior, with endpoints of disease-free and overall survival, may be the ideal, most informative way to assess the effect of physical activity on disease outcomes in the postadjuvant treatment setting. The most appropriate modalities and the amount of activity needed to prevent colon cancer development or recurrence require definition, and further work regarding the timing of initiation and duration of physical activity is needed. Other needed directions of future research include elucidation of the beneficial impact, if any, of physical activity on rectal cancer incidence and recurrence; evaluation of the benefits of physical activity in survivors treated with contemporary adjuvant therapy regimens including oxaliplatin, including the potential role of physical activity in prevention or treatment of oxaliplatin-induced sensory neuropathy; further elucidation of patient and physician preferences and educational needs, which is imperative to help increase awareness among the public, survivors, and their oncologists; trials evaluating interventions aimed at increasing health care providers' awareness of the benefits of physical activity and at increasing their encouragement of survivors' adoption of routine physical activity, with endpoints including patient awareness, quality of life, and disease outcomes; and definition of biomarkers and potential biologically important pathways in a correlative fashion including in further investigations of the inflammatory-response and insulin-pathway alterations associated with physically active and sedentary behavior. Although randomized clinical trials provide the most unbiased data, prospective cohort studies can also provide information regarding the impact of physical activity and educational interventions in these arenas. These studies should define colon and rectal populations separately, account for stage of contemplation of exercise behavior and barriers to participation, and incorporate correlative biomarker, psychosocial, and patient/provider-preference studies to shed further light on these important questions.
Conclusions
Physical activity is an important factor in the prevention of colon cancer in the general population, and is suggested to be an emerging approach for decreasing the risk of recurrence after a colon cancer diagnosis and improving both disease-specific and all-cause prognosis. The benefit in rectal cancer is less clear. Physical activity also may reduce the development of comorbidities and attenuate the decline in function, physical well-being, and (temporarily) quality of life associated with cancer treatment and toxicity. The beneficial effects of physical activity as primary, secondary, and tertiary prevention have prompted multiple national organizations to recommend or endorse exercise in the general population and, more recently, in the cancer survivor population. Health care providers should encourage their colon and rectal cancer survivors to engage in routine physical activity as part of their rehabilitation process. Further investigation of physical activity interventions in colon and rectal cancer survivor populations with correlative studies evaluating biologic mechanisms and impacts on quality of life are warranted to better define subpopulations that might best be served by these interventions.
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